
g;: *. 

d ,'r 

-- 

W A N  C-PR(P)-U05 

CR 54232 

.* 

I 
i 

I DETERMINATION OF THE WELDABILITY AND 
ELEVATED TEMPERATURE STABILITY Of 

REFRACTORY METAL ALLOYS 

I 

, I 

c 

1 

Fifth Q u a r t e r l y  Report 

\ by 
G. G. Lessmann and D. R. Stoner 

I prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

I UNDER CONTRA 

- 
LOWS* RES€A 

v. 

tft 

w 
0 
K 
n 
0 
n 
8 

- 
G r - 
> 
P 
0 
0 

E lu 
I 



stronuclear 

WMJL-PR- (P ) -00 5 

CR 54232 

DETEP3UNATION OF THE iGLDABILITY AND ZUVATED TENPERATW 
STBILITY OF REFRACTORY METAL ALLOYS 

bY 

G. G. Lessmann 

:;nd 

2. E. Stoner 

FIFTH QUARTERLY REPORT 

Covering the  Period 

June 21, 1964 t o  September 20, 1964 

Prepared For 

EAT IOItkL A3RClJAUT I C  S AND 5 PACE A DIQN IS TWiT I OIJ 
Contract IUS 3-2540 

Technical Emagement 
Paul E. Moorhead 

NASA - Lewis Research Center 

Astranuclear Laboratory - _  bvestinghouse Electr ic  Corporation 
Pittsburgh 36,  Pa. 



stronuclear 

FOREWORD 

This report describes work accomplished under Contract NAS 3-2540 
during the period June 21, 1964 t o  Septamber 20, 1964. 
administered by R.  T. Begley of the Astronuclear Laboratory, Westinghouse 
Electric Corporation, 
mental investigations . 

This program is being 

G, G. Lessmann and D. R, Stoner performed the experi- 

P. E. Moorhead of the National Aeronautics and Space Administration, 
i s  Technical Manager of this program. 

iii 



I. 

11. 

111. 

Iv. 

V. 

TABU OF CONTENTS 

INTRODUCTION 

SUMMARY 

TECHNICAL PROGRAM 

A. Alloy Procurement 

B. Welding Evaluations 

1. TIG Sheet Welding 

2. EB Sheet Welding 

C. Equipment and Procedures 

1. Aging Furnace Performance Evaluation 

2. Thermocouple Feed-Through Brazing 

3. 

FUTURE WORK 

REFEW3NCES 

Evaluation of Latex Natural Rubber Dry Box Gloves 

PaRe 

1 

3 

7 

7 

7 

7 

13 

46 

lcb 

61 

63 

66 

67 



1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

ll. 

12. 

13 

14. 

15 

16 

17 

18. 

19 

20. 

21. 

22. 

LIST OF FIGURES 

Suxmnary of Current Bend Test Results 

As-Received Microstructure of AS-55 Alloy Sheet 

AS-55 Base Metal Bend Test Results 

B-66 TIG Weld Bend Test Results 

B-66 TIG Weld Bend Test Results 

C-129Y T I G  Weld Bend Test Results 

C-129Y TIG Weld Bend Test Results 

Cb-752 TIG Weld Bend Test Results 

Cb-752 TIG Weld Bend Test Results 

b43 EB Weld Bend Test Results 

D-43 EB Weld Bend Test Results 

D-43 T I G  Weld Bend Test Results 

D-43 TIG Weld Bend Test Results 

FS-85 TIC Weld Bend Test Results 

FS-85 TIG Weld Bend Test Results 

SCb-291 TIG Weld Bend Test Results 

SCb-291 TIG Weld Bend Test Results 

Ta-1OW TIC Weld Bend Test Results 

Ta-1OW TIG Weld Bend Test Results 

VL25Re Base Metal Bend Test Results 

W-25Re EB Weld Bend Test Results 

W-25Re EB Weld Bend Test Results 

Pane 

5 

8 

11 

16 

17 

19 

20 

22 

23 

25 

26 

28 

29 

31 

32 

34 

35 

37 

38 

1t0 

w 
42 



f .. 

23 

24. 

25 

26. 

27 

28. 

29 

30 

31 

32 

33 

34. 

35. 

36 

37. 

W - 2 5 ~  Stres  

stronuclear 

LIST OF FIGURES 
(continued) 

Relieved EB Weld Bend Test Results 

W-25Re Stress  Relieved EB Weld Bend Test Results 

Ion Gage Pressure - Time Characteristics f o r  Three Furnaces 

Ultra-High Vacuum Annealing Laboratory 

Internal Arrangement of Ultra-High Vacuum Furnace 

Residual G a s  Analysis Scan Prior  t o  Furnace Operation 

Residual Gas Analysis Scan Following Furnace Operation 

3200OF Furnace P a r t i a l  Pressure-Time Characterist ics f o r  
N2, H2, and H20 

3200OF Furnace P a r t i a l  Pressure-Time Characterist ics f o r  
COZY COY C y  and CH4 

320OOF Furnace P a r t i a l  Pressure-Time Characterist ics f o r  
He, Ne, and A 

3200OF Furnace Pressure-Time Characteristics 

Furnace Load After 500 Hours a t  3200'F 

Arrangement fo r  Furnace Thermocouple Feedthrough Brazing 

w g e n  Increase with Time i n  the Weld Chamber Atmosphere 

Water Vapor Increase with Time i n  Weld Chamber Atmosphere 

Page 

43 

kk 

47 

48 

51 

53 

54 

55 

56 

57 

58 

60 

62 

64 

65 

v i  



I 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

ll. 

12. 

13 

LIST OF TABLES 

Alloys Included i n  the  Weldability and Thermal 
S t a b i l i t y  Evaluations 

Alloy Procurement and Delivery Status 

Chemistry of As-Received Material 

Hardness and Grain Size of As-Received Material 

B-66 Sheet. TIG Butt Weld Record 

C-l29Y Sheet. 

Cb-752 Sheet. 

D-43 Sheet. 

D-43 Sheet. 

FS-85 Sheet. 

SCb-291 Sheet. 

Ta-1OW Sheet. TIG Butt Weld Record 

W-25Re Sheet. EB Bu t t  Weld Record 

TIG But t  Weld Record 

T I G  But t  Weld Record 

EB Butt Weld Record 

TIG Bu t t  Weld Record 

T I G  But t  Weld Record 

T I G  Butt Weld Record 

14. Veeco GA-3 Data Sheet 

PaRe 

2 

4 

9 

10 

18 

21 

24 

27 

30 

33 

36 

39 

45 

50 

v i i  



I. INTRODUCTION 

This i s  the  F i f th  Quarterly Progress Report describing work accomplished 
under Contract NAS 3-2540. 
weldability and long time elevated temperature s t a b i l i t y  of promising refractory 
metal a l loys in order t o  determine those most sui table  fo r  use i n  advanced 
alkali-metal space e l ec t r i c  power systems. A detai led discussion of t he  program 
and program objectives was presented in the  F i r s t  Quarterly Report. 
included in t h i s  investigation a re  l i s t e d  i n  Table 1. 

The objective of t h i s  program is  t o  determine the  

Alloys 

Process and t e s t  controls employed throughout t h i s  program emphasize 
the  important influence of i n t e r s t i t i a l  elements on t h e  properties of refractory 
metal alloys.  Stringent process and t e s t  procedures a r e  required, including 
continuous monitoring of t h e  TIG weld chamber atmosphere, electron beam welding 
a t  low pressures, aging i n  furnaces employing hydrocarbon f r e e  pumping systems 
providing pressures less than 10-8 t o r r ,  and chemical sampling following successive 
stages of the evaluation f o r  verification of these process controls. 

Equipment requirements and set-up, and procedures f o r  welding and 
tes t ing,  have been described in previous progress reports.  
processes, changes in procedures, or additional processes and procedures a re  
described in  t h i s  report. 

Any improvements i n  

1 
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TABU 1 - Alloys Included i n  the  Weldabilfty 
and Thermal S tab i l i t y  Evaluations 

Nominal Composition 
Weight Percent 

AS-55 

B-66 

C-129Y 

Cb-752 

D-43 

FS-85 

SCb-291 

T - l l l  

T-222 

Ta-1OW 

W-25Re 

w 
Sylvania "A 

Cb-SW-lZr-0.2Y-O.06C 

Cb-5Mo-SV-lZr 

Cb-lOW-lOHf+Y 

Cb-1OW-2.5Z.r 

Cb-lOW-lZr-O.1C 

Cb-2 7Ta -10W-1Zr 

Cb-1OW-lOTa 

Ta-8W-2Hf 

Ta-9.6W-2.4Hf-O.OlC 

Ta-lo\? 

w-25m 

Unalloyed 

w-o .5m-o. 02c 

Note: A l l  al loys t o  be from arc-cast and/or 
electron beam melted material except 
Sylvania "A 

2 
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shown 

S r n Y  

The delivery s t a tus  of the th i r teen  alloys included in t h i s  program i s  
i n  Table 2. Orders f o r  eleven of these have been f i l l e d .  

TIG sheet butt  welds f o r  the weld parameter study have been completed 
f o r  a l l  of the  available alloys except W-25Re and unalloyed tungsten. 
handling and welding techniques a r e  required f o r  t h e  W-25Re, unalloyed tungsten, 
and Sylvania "A", hence welding of these has been deferred. 
of T-111 and AS-55 which have not yet been bend tes ted,  test data f o r  t he  remain- 
ing al loys are presented in t h i s  report. 
is  given i n  Figure 1. 

Special 

With the  exception 

A summary of current bend t e s t  results 

EB sheet but t  welds f o r  the  weld parameter study have been completed 
f o r  a l l  available alloys except AS-55 and unalloyed tungsten. 
on two additional alloys,  D-43 and W-25Re, a re  presented i n  t h i s  report. Previous 
reports presented bend t e s t  data on Ta-lOW, FS-85, SGb-291, and Cb-752. 

Bend test data 

Unexpectedly high bend duct i le-br i t t le  t rans i t ion  temperatures (in some 
cases exceeding lOOOOF using a 4t bend radius) have been obtained f o r  t h e  W-25Re 
EB welds. 
examined for  contamination, segregation, or unusual s t ructure ,  the  effect  and 
magnitude of residual s t resses ,  and for  weld, he?t affected zone or base metal 
defects . 

A review of t h i s  problem has been undertaken. Welds a re  being 

A thorough evaluation of the  high vacuum annealing furnace performance 
A dummy load of refractory under simulated long time aging conditions was made. 

metal a l loys,  mostly in sheet form, was annealed a t  320O0F f o r  500 ho For 
t h i s  m the  furnace was baked gut. a t  450°F f o r  20 hours below 5 x 10' t o r r  
pressure before furnace start-up. The system was pumped by a sputter ion pump 
with auxi l iary titanium sublimation pumping. Total and p a r t i a l  pressures were 
monitored by a Bayard-Alpert type nude ion gage, ion pump current, and a Veeco 
GA-3 magnetic sector  residual gas analyzer. 
observed during the  first f ive hours of furnace operation. After t h i s ,  carbon 
monoxide was t h e  principal gas load component. 
as  w e l l  as t o t a l  pressures dropped steadily throughout t he  t e s t  run. T i t a n i u m  
sublimation pumping was least effect ive i n  improving t h e  pumping of hydrogen and 
moisture and most effect ive in improving the  pumping of i n e r t  gases. 

s. 

A high in i t ia l  hydrogen load w a s  

Constituent p a r t i a l  pressures 

Latex natural  rubber gloves were evaluated f o r  use on the  T I G  weld 
chamber and were found t o  be infer ior  t o  neoprene. They were subject t o  de- 
composition under vacuum bakeout (150-200°F) as  evidenced by an unidentified 
tacky f i l m  which condensed on the  cooler weld box w a l l  during bakeout. Gxygen 
permeability of t he  natural  rubber gloves was an order of magnitude worse than 
f o r  neoprene while moisture permeability was about t he  same. 

3 
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FIGURE 1 - Summary of Current Bend Test Results f o r  Butt 
Welds in  0.035 Inch Sheet. 
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Techniques were developed for  gold-nickel brazing of platinum-platinum 
rhodium thermocouples i n t o  the  high vacuum annealing furnace feedthroughs. An 
inert gas cover protects t he  jo in t  while brazing is done by induction heating. 

"he TIG weld preheat f ix ture  designed f o r  use i n  welding W-25ReY 
unalloyed tungsten, and Sylvania "A" and was checked out s a t i s f ac to r i ly  a t  450'F. 

6 



111. TECHNICAL PROGRAM 

A .  ALLOY PROCUREMENT 

The procurement s ta tus  of t he  alloys included in t h i s  program is  shown 
i n  Table 2. 
received microstructure of AS-55 i s  shown in Figure 2. 
chemical composition f o r  t he  as-received al loys is  given in Table 3, while 
hardness and grain s i z e  values a re  given in Table 4. 
AS-55 indicates excessively high oxygen. 
rechecked t o  ascer ta in  i f  the  condition is  general or local,  
bend t e s t  r e su l t s  f o r  AS-55 a r e  shown i n  Figure 3. 

During t h i s  period AS-55 and T-111 sheet w e r e  delivered. The as- 
A summary of ac tua l  

The check chemistry of 

The base metal 
Other sections of t h i s  sheet a r e  being 

B. WELDING EVALUATIONS 

1. TIG Weldinq 

Sheet welding was completed f o r  nine alloys f o r  t he  parameter optimiza- 
t i o n  phase and bend tes t ing  was completed f o r  seven of these. 
f o r  T I G  welds i n  these alloys are given in Figures 4 through 9, and 12 through 
19. Weld parameters a re  l i s t e d  in corresponding tables .  
and equi ment were described in  d e t a i l  i n  previous quarterly reports i n  t h i s  

Bend test r e su l t s  

TIG welding procedures 

program. Y 
A complete interpretat ion of these tests must be deferred u n t i l  

supplementary test  data i s  generated through post weld anneals and t e n s i l e  tests. 
A t en ta t ive  weldabili ty analysis based on the  bend t e s t  resul ts  included in t h i s  
report  and upon observations made in the examination of t he  actual  individual 
bend t e s t ed  specimens is given below, 
degree, and location of cracks. 
temperatures f o r  a l l  alloys as  a function of monitored oxygen and moisture levels  
f a i l e d  t o  reveal t ha t  any relationship exists.  
insensi t ive t o  contaminants a t  these levels,  t h e  welding process i t s e l f  has too 
much var iab i l i ty ,  o r  the  meter accuracy is  inadequate over the  range evaluated. 

Each specimen was examined f o r  type, 
A cursory examination of weld bend t rans i t ion  

Hence, the  alloys a r e  e i ther  

The following observations were made i n  evaluating t h e  bend tes t  results 
f o r  t he  sheet T I G  welds in t h e  various alloys: 

B-66 (See Papes 16-18 fo r  t e s t  data) - The longitudinal bend t rans i t ion  
temperature was reduced from 200°F t o  OOF by increasing t h e  weld speed from 7.5 
t o  30 ipm. A t  and above 30 ipm, however, B-66 exhibited a tendency toward hot 
tearing and possibly micro-cracking during welding resu l t ing  i n  a sharp increase 
i n  t r ans i t i on  temperature. The transverse bend t r ans i t i on  temperature did not 
display a similar decrease with increased welding speed remaining roughly a t  150°F. 
The frequency of cracking i n  weld and heat affected zone of bend specimens was 
about t h e  same. These cracks were sometimes arrested in the  base metal, but almost 



.035 Sheet 

l O O X  6856 

.035 Sheet 

400X 6856 

Longitudinal 

l O O X  6857 

. 3. . 3. 

400X 6857 

Transverse 

r"IGU3-Z 2 - Kicrostructures of As-Received AS-55 Alloy Sheet 
(HI.JO3-lJH4F*HF E t c h )  
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TABLE 4 - Hardness and Grain Size  of As-Received Haterial 

Hardness ASWi 
Alloy Form DPH G r a i n  Size 

AS-55 

B-66 

C-129Y 

Cb-752 

D-43 

FS-85 

SCb-291 

Ta-lOkJ 

T - l l l  

W-25Re 

FJ 

Sheet 

P l a t  e 
Sheet 

P l a t  e 
Sheet 

P l a t  e 
Sheet 

P la t  e 
Sheet 

P l a t  e 
Sheet 

P l a t e  
Sheet 

Plate 
Sheet 

Plat  e 
Sheet 

Sheet 

Sheet 

148 

225 
219 

218 
185 

204 
205 

202 
220 

205 
190 

160 
175 

197 
221 

223 
221 

526 
492 

517 

9 

6 
10 

10 

8 
8-9 

5 

7 
8 

6 
6 

8 
6-7 

6-7 
9 

* 

* 
~~ ~~ 

* Stress  Relieved, Not Recrystallized 

10 



80 

v) 
w 
w 60 t5 
w 

- i LONG. B TRANS 
I DBTT <-320°F - 

n I 

c3 

W =lllll m O  

-400 -350 -300 -250 -200 

TEMPERATURE, O F  604061A 

FIGURE 3 - AS-55 Base Metal Bend Test Results. 
It Bend Radius 

11 



a s  frequently propagated across t h e  ent i re  specimen. 
e f fec t  was observed. 
bend d u c t i l i t y  possibly resul t ing from crowding of the  clamp by the  weld and 
consequent reduction in the  s i ze  of the  heat affected zone. 
indicate  t h a t  embrittlement of B-66 occurs i n  the  heat affected zone a s  well 
as  in the  weld. 

No def in i te  clamp spacing 
Larger welds i n  the 15 ipm group had be t te r  longitudinal 

These r e su l t s  

C-l29Y (See Pages 19-21 f o r  t e s t  data) - Weld parameter variations 
did not result i n  demonstrating tha t  any consistent improvement i n  weld d u c t i l i t y  
could be obtained. 
-275'F). 
the  improved duc t i l i t y  in welds of t h i s  alloy. 
accomplishing t h i s  a r e  an effect ive reduction in matrix oxygen l eve l  by prefer- 
e n t i a l  combination with the  yttrium, purification of base m e t a l  during or ig ina l  
melting and during welding by slagging of t he  yttrium oxide, and base and 
weld metal grain refinement resul t ing fromthe presence of t h e  highly s tab le  
oxide. 
a t  t h e  weld interface and generally a t  lower temperatures than in longitudinal 
tests. 
demonstrating tha t  cracks in i t i a t ed  i n  the weld a r e  not arrested i n  the  base 
metal. 

Weld t rans i t ion  temperatures were consistently low (-50°F t o  

The most probable mechanisms f o r  
The beneficial  e f fec t  of yttrium i s  apparently instrumental i n  providing 

Failures in t h e  transverse tests occurred almost en t i r e ly  i n  the  weld or  

Longitudinal specimens generally f a i l ed  across the  en t i r e  specimen 

Cb-752 (See PaRes 22-24 f o r  t e s t  data) - k def in i t e  tendency is  exhibited 
in the  transverse weld bend test  f o r  the weld metal d u c t i l i t y  t o  improve with 
welding speed. 
ing t h a t  heat affected zone embrittlement i s  essent ia l ly  unaffected over the  
range of selected welding conditions. Transverse f ractures  a l l  occurred i n  the  
weld or  heat affected zone. Longitudinal f ractures  were almost always across 
the  e n t i r e  specimen demonstrating the  inabi l i ty  of t he  base metal of t h i s  a l loy  
t o  a r r e s t  cracks a t  temperatures below the weld metal t r ans i t i on  temperature. 

Longitudinal t e s t s  show no such def in i te  t rend thereby demonstrat- 

D-43 (See Pages 28-30 f o r  t e s t  data) - No de f in i t e  effect  of weld para- 
meter variations were noted. 
r a t e  resul ted in no def in i te  trend of improvement of the bend duct i le -br i t t l e  
t rans i t ion  temperature. 
t r ans i t i on  curve did not develop, r a the r ,  overstraining and f a i l u r e  occurred 
near t h e  90" t a rge t  bend over an extended temperature range., Obviously, f o r  
D-43 t h e  bend t e s t  has defined a l imitation f o r  t o t a l  strain as  well a s  a ducti le- 
t o -b r i t t l e  t rans i t ion  temperature. 
a l loy  r e su l t s  in precipi ta t ion of a carbide phase(s) t he  morphology of which 
strongly influences a l loy  duc t i l i ty .  In t h i s  respect l o t  t o  l o t  va r i ab i l i t y  i n  
duc t i l i t y  would r e s u l t  from variat ion o f  process and welding schedules i n  
production and fabricat ion and perhaps a l so  from the  r e l a t ive  var ia t ion of heat 
t o  heat carbon concentrations. 
l o s s  of d u c t i l i t y  was most pronounced in  the  weld but t h a t  f ractures  frequently 

Changes i n  weld s ize ,  freezing ra te ,  and cooling 

Bend behavior of t h i s  a l loy  was peculiar since a t yp ica l  

The intent ional  carbon addition i n  t h i s  

Examination of the  fractured specimens showed tha t  

12 



extended through and were not arrested i n  t h e  base metal . 
FS-85 (See Pages 31-33 f o r  t e s t  data) - A s l igh t  improvement i n  weld 

t rans i t ion  temperatures occurred by minimizing t h e  weld s i z e  in t h i s  al loy.  
speed or clamp spacing appear t o  have l i t t l e  effect .  
consistent providing bend t ransi t ions within 75°F of -25OF f o r  a l l  welding 
conditions. A l l  cracking was associated w i t h  t h e  weld and heat affected zone. 
A def in i te  tendency f o r  cracks t o  propagate along the  weld interface was noted. 

Weld 
Weld behavior was very 

SCb-291 (See Pages 34-36 f o r  t e s t  data) - The weld bend t rans i t ion  
temperature of SCb-291 is  very nearly that  of t h e  base metal f o r  all weld condi- 
t ions.  
of the base metal t o  a r r e s t  cracks i n  longitudinal bends, and in the  tendency of 
base metal t o  f a i l  a s  frequently i n  transverse tests as  does t h e  weld metal. 
This  is  t h e  only a l loy  i n  which the  base metal fa i lures  were noted indicating, 
from a prac t ica l  standpoint, t ha t  so l id  solution strengthening has been accomplished 
i n  t h i s  a l loy  system with a minimum impairment of weld duc t i l i t y .  

The equivalent duc t i l i t y  of base and weld metal i s  demonstrated by f a i l u r e  

Ta-1OW (See Pages3739 f o r  t e s t  datal - Weld bend t rans i t ion  tempera- 
tures f o r  t h i s  a l loy  were a l l  in the  range of -200OF t o  l e s s  than -320°F. 
Failures always occurred i n  the  weld, generally as one or  two very small tears. 
Variation of weld parameters failed t o  produce any pronounced trends. 

2. Electron Beam Sheet Welding 

A complete s e t  of welds were produced f o r  t h e  D-43 and W-25Re alloys.  
The welds were bend tes ted  and t h e  results a r e  presented i n  Figures 10, 11, and 
21 t o  24. 
previous quarterly report ,  those a t  which a 90" t o  105" bend was obtained without 
cracking on the  tension s ide  of t he  specimen. 

The bend t rans i t ion  temperatures indicated are,  a s  described i n  the  

D-43 (See Pages 25-27 f o r  t e s t  data) - Slower weld speeds and wide clamp 
spacing produced welds with the lowest bend t r ans i t i on  temperatures. 
t i on  of t he  transverse bend specimen revealed most of the  s t r a i n  and crack 
i n i t i a t i o n  occurred i n  t h e  heat affected zone rather  than i n  the  unyielding weld 
metal. Longitudinal bend t e s t s ,  which equally s t r a i n  the  en t i r e  specimen, 
i n i t i a t e d  cracks i n  the  weld metal, indicating the  weld metal t o  be the  l e a s t  
duc t i le  area. 

An examina- 

Bend t rans i t ion  temperatures varied from -100OF t o  more than 550°F, but 
considering only the  welds with a good physical appearance (a few combinations 
of deflection and/or weld speed produced a deep r ipp le  pat tern i n  the  weld), the 
range was reduced t o  -100°F t o  200°F f o r  the longitudinal bend t e s t .  

W-25Re (See Pages 40-45 f o r  t e s t  data) - Some unexpected problems, both 
i n  material  preparation and i n  welding, were encountered in the  electron beam weld 



evaluation of W-25Re alloy. Butt weld spechens of 0.035 inch sheet are normally 
prepared by shearing, but t h i s  operation caused edge cracking, possibly delamina- 
t ions,  in t h e  sheared edge of W-25Re. 
which could adversely a f f ec t  t he  bend duct i l i ty ,  warm shearing a t  6OOOF and 
abrasive cut-off wheel preparation were investigated. 
t h e  observed edge cracking considerably and abrasive cut-off wheel preparation 
was a fu r the r  improvement, but nei ther  method was completely sat isfactory.  
Since abrasive cut-off wheel preparation is a tedious and expensive operation 
in preparing 6 inch long by 1/2 inch wide specimens, addi t ional  W-25Re but t  weld 
specimens are being prepared f o r  evaluation by electro-discharge machining (EDM) 
t o  be followed by edge grinding and pickling pr ior  t o  welding. 

In  an e f fo r t  t o  eliminate this condition, 

Warm shearing reduced 

I n i t i a l  bu t t  welding of sheet specimens by t h e  electron beam process 
produced severe cambering and seam spreading in f ront  of t h e  weld. This resul ted 
i n  immediate burn-through of t he  f ine ly  focused electron beam. 
solved by increasing the  s i z e  of the  electron beam tack welds made a t  e i ther  end 
of t h e  bu t t  seam pr io r  t o  the  s ingle  pass weld. The previously welded columbium 
base and tantalum base alloys a l l  demonstrated t h e  opposite tendency; t h a t  of 
t i g h t l y  closing t h e  but t  j o in t  ahead of the  weld. 

The problem was 

Init ial  bend t e s t s  w e r e  conducted with the  It radius bend tes t  punch 
used on t h e  previously t e s t ed  alloys,  but an immediate change was  made t o  a 4t 
punch radius when a duc t i le  90" bend could not be made within t h e  1OOOOF tempera- 
t u re  l i m i t  of t he  bend tes t  apparatus. 
obtained using a 4t punch radius except weld number 1 as indicated in Figure 21. 

A l l  t he  W-25Re bend tes t  data w e r e  

Bend t rans i t ion  temperatures were higher than anticipated,  especially 
transverse bends wherein only one welding condition developed a transverse 
duct i le- to-br i t t le  t rans i t ion  temperature (600OF) within t h e  range of t he  t e s t ing  
apparatus. 
minute cracks, a t  the highest bend temperature of 1OOOOF. 

All other welding conditions produced f a i lu re s ,  though some were 

An examination of some aborted butt  weld specimens which had fractured 
down t h e  weld centerline soon a f t e r  welding, showed extreme cambering, with the 
weld edge concave, indicating severe residual longitudinal t e n s i l e  s t resses  in  
t h e  weld metal. On t h e  basis  t h a t  these high residual  weld stresses could be 
contributing t o  apparent low bend duct i l i ty ,  a group of spare transverse bend 
specimens was vacuum s t r e s s  relieved f o r  one hour a t  2560OF. 
received material  was stress relieved a t  t he  same temperature, no d ras t i c  mor- 
phological changes were anticipated in a t  least t h e  base metal. 

Since the  as- 

Following the  stress relief additional transverse bend tests were  made 
f o r  nearly a l l  t he  welding parameters and the  r e su l t s  a r e  compared i n  Figures 23 
and 24. A signif icant  improvement i n  bend d u c t i l i t y  i s  shown, presumably caused 



by a reduction in  weld residual  stresses.  
90" bends now in t h e  range of our t es t ing  apparatus, should allow a more accurate 
select ion of the  best  welding parameters. 

This additional data, with duc t i le  

W-25Re ET3 Weld Summary - Slow welds (15 ipm) and wide clamp spacing 
produced welds with t h e  lowest ducti le-to-brit t le bend t r ans i t i on  temperature. 

Relating t h i s  t o  the  stress-relief bend d u c t i l i t y  improvements, t he  
low speed, high heat input, and slowly cooled welds possibly provide a greater 
degree of pre-and post-weld heating, thus reducing t h e  weld induced residual 
stresses. 

In view of the  disappointing electron beam welding resul ts  obtained, 
additional investigation appears t o  be warranted both t o  verify our present 
results, ident i fy  the  basic causes f o r  embrittlement, and t o  develop a more 
sa t i s fac tory  welding process. 
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C. EQUIPMENT AND PROCEDURES 

1. A~ing Furnace Performance Evaluation 

Three of t he  f ive ultra-high vacuum furnaces were operated for 500 hours 
t o  determine t h e  pressure-time characterist ics t o  be expected with a normal 
furnace load a t  various operating temperatures. 
was completely trouble free, providing an uninterrupted 500 hour run i n  each of 
t h e  three furnaces. 
heating, following which t h e  chamber pressure continually improved throughout t he  
furnace run. Two furnaces operating a t  2300OF and 2100'F with a tantalum a l loy  
load reached the  10-9 t o r r  range after four hours of operation. 
was operated under the  most difficult program conditions anticipated,  3200'F 
with a f u l l  furnace load. 
ion gage pressure of 10-9 t o r r  was obtained in t h i s  furnace after 10 hours of 
operation. 
hours of continuous furnace operation. 
time relat ionship of t he  three furnaces. 

Ini t ia l  vacuum furnace operation 

An expected high gas load was observed during ini t ia l  furnace 

A t h i r d  furnace 

With supplementary titanium sublimation pumping, an 

Without sublimation pumping the  10-9 t o r r  range was reached after 500 
Figure  25 shows t h e  pressure-operating 

Ultra-High Vacuum Furnaces - These vacuum furnaces, shown in Figure 26, 
were manufactured by Varian Associates of Palo Alto, California. 
is a br ief  description of t h e i r  specification and performance: 

The following 

Furnace : 

Location : 
Hot Zone : 
Heater : 
Radiation Shields: 
Cold Wall: 
Capability: 

I n  throat  of sput te r  ion pump 
4 Inch diameter x 6 inch long 
Tantalum s p l i t  tube resis tance 
4 concentric, 0.002 inch tantalum 
Water cooled OFHC copper 
320O0F a t  9KW - 2100'F a t  1.8KW 

pumping system: 

Roughing : I n i t i a l  pumpdown t o  5 x 10-3torr is  
accomplished by a se r i e s  of three 
l i qu id  nitrogen cooled molecular sieve 
sorption pumps. 

High Vacuum Pumping: 500 l /sec.  diode sput ter  ion pump 

Auxiliary pumping can be provided by attaching a titanium sub- 
limation pump car t r idge o r  element t o  any of t h e  furnace service 
ports. 

Pressure Measurement: Bayard-Alpert Gage (2 x t o r r )  
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System Capabilities : 

Empty Cold Furnace After 24 Hours: 1 x t o r r  
Baked Empty Cold Furnace After 24 Hours: 1 x 10-9 t o r r  

2100 OF : After 1 Hour 
After 100 Hours 
After 24.0 Hours 

32000~: After 30 Hours 
After 5 0 0  Hours 

With T i t a n i u m  Sublimation Pumping a t  3200OF: 

After 5 Hours 
After 10 Hours 
After 22 Hours 

1 x 10-8 t o r r  
1 x 10-9 t o r r  
5 x 10-10 t o r r  

5 x t o r r  
1 x 10-8 t o r r  

3 x t o r r  
1 x 10-8 t o r r  
4 x 10-9 t o r r  

Residual G a s  Analysis - A Veeco magnetic sector res idual  gas analyzer 
was attached t o  the  furnace operating at 320O0F t o  observe changes i n  t h e  residual  
gas composition as t h e  furnace run progressed. A description of the  GA-3 analyzer 
is provided i n  Table 14. 
head on t h e  furnace chamber. 
and throughout t h e  furnace m, including the  period of higher pressures en- 
countered during furnace heat up. 

Figure 27 shows the  posit ion of t he  appendage analyzer 
Analyses were made following a 450°F system bakeout 

Gas species s ens i t i v i ty  values supplied by the  manufacturer were used 
t o  convert t he  residual  gas analyzer scale readings t o  p a r t i a l  pressures. A 
leak valve has been obtained t o  permit i n  s i t u  cal ibrat ion on the  ultra-high 
vacuum furnaces. 
w i l l  be used. 
mass spectrometer i s  the  cal ibrat ion of t he  t o t a l  system pumping speed. 
ion pumps in general, and systems containing heated react ive metals i n  par t icular ,  
show marked preferent ia l  chemical pumping f o r  cer ta in  gas species, par t icu lar ly  
nitrogen and oxygen. 
both t h e  ion gage and the  residual gas analyzer by ef f ic ien t  pumping of the  furnace 
load, and t h i s  condition can be revealed using a leak of known size .  

Until such data is obtained, the  manufacturers reference figures 
O f  equal importance t o  the pressure-sensit ivity cal ibrat ion of the  

Sputter 

In other words, a substant ia l  a i r  leak could be masked from 

Several mass peaks commonly encountered i n  ultra-high vacuum work can 
This fac tor  was considered i n  analyzing the  

Mass/charge r a t i o  or mass peak 28, f o r  instance, 
be composed of several  gas species. 
data presented i n  t h i s  report .  
can be N2, CO, S i ,  o r  C2H4 in which case the  cracking pat terns  of the  possible 
gases a r e  used t o  determine the  major peaks. 
14 is  used t o  distinguish between nitrogen and carbon monoxide of peak 28, and 

The double ionized nitrogen peak a t  
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TABU3 14 - VEECO GA-3 Data Sheet 

Vacuum-Electronics Corp. GA-3 
UHV Residual Gas Analyzer 

MASS 
SPECTROMETER 

TUBE 

MASS RANGE 

RESOLUTION 

SENSITIVITY 

PRESSURE RANGE 

MAGNETIC FIELD 

AMPLIFIER 

RECORDER 

Stainless s teel ,  flange-mounted, 60" Nier type 
mass spectrometer tube bakeable t o  400°C. 
and col lector  assemblies a r e  removable and self- 
aligning. Permanent jo in ts  are Nicrobrazed. 
Flanged connections u t i l i z e  posi t ive seal gold 
gasketing . 

Source 

2-90 a.m.u. covered i n  two increments: 90-10 and 
12-2. 

4.4 a t  mass 4.4 (width measured a t  1% peak Height) 

Pa r t i a l  pressure of 1 x 10-10 t o r r  o r  l e s s  f o r  
nitrogen. 

10-4 t o  t o r r .  

Permanent magnet and pneumat ically-operat ed 
shunt. 

Ultra-stable Veeco electrometer amplifier has a 
minimum detectable s ignal  of 2 x l O - l 5  amp. with 
unit signal-to-noise r a t io .  F i r s t  stage ampli- 
f i ca t ion  is provided a t  t he  s ignal  source by a 
hermetically-sealed remote probe, mounted d i rec t ly  
on the collector end of the  mass spectrometer tube. 

Special three decade l i nea r  Leeds and Northrup 
Speedmax "G" potentiometer records, 100 m i l l i -  
vol t  f u l l  scale; shar t  speed of 2" per minute; 
mounted in  the console. 
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and likewise the  peak of C 9 4  a t  28 i s  related t o  i t s  complementary peak 27. 
cracking patterns supplied by the  manufacturer were used i n  evaluating the  residual 
gas analyzer scans. 
may not be s t r i c t l y  applicable in the  highly react ive and ionizing environment 
of the  vacuum furnace. 
in Figures 28 and 29 which represent t he  residual gas composition pr ior  t o  and 
following a 500 hour, 320OOF furnace run. 
of selected gas species i s  shown in Figures 30, 31, and 32 as  a function of 
furnace operating time. 

The 

Again, t h i s  represents t h e  best  information available, but 

Typical plots  of the species partial pressures a r e  shown 

A continuous p lo t  of p a r t i a l  pressures 

Hydrogen was largely responsible f o r  the  i n i t i a l  high gas load. The 
hydrogen leve l ,  Figure 30, dropped following in i t ia l  heat up and carbon monoxide 
became the  major residual  gas species a f te r  t h e  first 10 hours of operation. 
He l ium and neon were not measureable prior t o  furnace operation, but rose t o  a 
high value during the  i n i t i a l  furnace s t a r t  up. During furnace operation, the  
p a r t i a l  pressures of helium, neon, and argon s teadi ly  f e l l ,  indicating e f f i c i en t  
pumping act ion by the  sput ter  ion pump. 

T i t a n i u m  Sublimation Pump inq - The performance of an auxi l iary titanium 
sublimation pump (TSP) was a lso  evaluated during t h e  3200OF furnace run. 
TSP was i n s t a l l ed  in the  chamber bottom as shown i n  Figure 27. TSP operation was 
i n i t i a t e d  during the  i n i t i a l  heating cycle and continued f o r  22 hours a f t e r  which 
the  furnace performance was evaluated both with and without TSP. Figure 33 shows 
t h e  TSP operating periods i n  de ta i l .  
tests were simultaneously run, (normal sputter ion pumping and titanium subli-  
mation pumping) the  pressure-time curves shown in t h i s  figure may be biased from 
completely separate t e s t s .  

The 

Since essent ia l ly  two furnace performance 

The TSP was run in a nude operating posit ion i n  the  bottom w e l l  of the  
vacuum furnace. 
providing considerably improved conductance over t ha t  which would normally be 
obtained with an appendage TSP chamber. 
t e c t  the  nude ion gage from l i n e  of sight exposure t o  sublimed titanium. 

The surrounding chamber i n t e r i o r  was used as  the  pumping surface 

A tantalum f o i l  shield was  used t o  pro- 

The TSP produced a dramatic decrease in pressure a s  measured by three  
pressure sensing devices: ion gage, residual gas analyzer, and ion pump current. 
The great change in ion gage reading i s  probably due t o  a s ignif icant  l o c a l  
pressure decrease in the  furnace bottom due t o  effect ive pumping of t he  titanium 
coated walls surrounding the  ion gage. 
without t h e  TSP operating showed no exceptional compositional changes, a l l  gas 
species being reduced by the  sublimation pump. 
ion pump operate by t h e  same process, chemically combining and entrapping gas 
species i n  layers  of titanium, such results would be expected. 

Residual gas analysis scans with and 

Since both the  TSP and the  sput ter  

Furnace Load Evaluation for  3200"f. 500 H r .  R u n  - One purpose of t he  
3200OF pract ice  anneal was t o  determine the  extent of specimen diffusion bonding 
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which would occur a t  t h i s  temperature under ultra-high vacuum conditions. 
provide some immediate answers t o  these questions, a dummy furnace load of various 
refractory m e t a l  al loys was included in the 3200°F furnace run. Groups of 
specimens of several  alloys were wrapped together i n  tantalum f o i l  and the  
en t i r e  furnace load was wired together w i t h  tantalum wire and s e t  on the furnace 
platen. 
inch diameter tantalum w i r e  spacers. 

To 

Specimens were wrapped both in face-to-face contact and with 0.010 

Following the  500 hour heat treatment, the  en t i r e  packet of specimens 
w a s  l i g h t l y  bonded together and t o  the  tantalum furnace platen. 
and hammer sufficed t o  remove the  specimen bundle from the  platen and t h e  individual 
a l loy  packets were separated with increasing d i f f i cu l ty  from the  top t o  the  bottom 
of the  bundle, t h e  increased weight load a t  the bottom apparently producing a 
noticeable increase in bonding. Figure 34 is  a photograph of the furnace load 
a f t e r  heat treatment. Other than a tendency f o r  t he  tantalum protective f o i l  t o  
bond t o  a l l  al loys and i t s e l f ,  no significant difference w a s  noticed between the  
bonding tendencies of t h e  columbium alloys and T-222, t he  one tantalum alloy. 
W-25Re showed no tendency t o  bond t o  i t s e l f .  
included i n  t h e  load formed a b r i t t l e  alloy with the  tantalum f o i l  which was  
eas i ly  removed. 
bonded t o  t h e  columbium alloys leaving small depressions when removed. The w i r e s  
did prevent specimen t o  specimen bonding and i ts  attendant greater  d i f f i c u l t i e s  
in separation. A l l  t he  specimen-specimen bonding observed occurred a t  a very few 
contact points,  but t h e  strength of t h e  bonds was great enough t o  often require 
specimen d is tor t ion  and tear ing f o r  separation. 

A screwdriver 

A one pound piece of pure molybdenum 

The tantalum wire separators used between the  bend t e s t  samples 

Following is  a l i s t  of the  alloys included i n  t h e  t e s t  and a summary of 
the  s t icking problems observed: 

Cb-Unalloyed 

Cb-1% 

Cb-5Ti-1Zr-1Hf 

Foi l  t o  specimen and some specimen t o  
specimen bonding. 

Foi l  t o  specimen and severe specimen 
t o  specimen bonding. 

Foi l  t o  specimen and very severe 
specimen t o  specimen bonding. 

Foi l  t o  specimen and very severe 
specimen t o  specimen bonding. 

B-66 (Cb-SV-5Mo-lZr) Foi l  t o  specimen and l i g h t  specimen 
t o  specimen bonding. 

D-43 ( Cb-LOW-1Zr- .1C ) Foi l  t o  specimen, ( s l i gh t )  but no 
specimen t o  specimen bonding. 
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FIGURE 34 - Dumnly Furnace Load After 500 Hours at 320O0F 

60 



FS-85 (Cb-lOW-27Ta-lZr) Foil t o  specimen and l i g h t  specimen 
t o  specimen bonding. 

W-25Re 

%-Unalloyed 

Foi l  t o  specimen (s l igh t )  but no 
specimen t o  specimen bonding. 

Foi l  formed b r i t t l e  a l loy  with Mo 
and no data on specimen t o  specimen 
bonding. 

Effect of Lower Temperature Tantalum a l loy  samples heat t reated f o r  
500 hours a t  2300OF showed no s t icking 
problems, e i the r  t o  themselves or  t o  
t h e  tantalum protective f o i l .  Bonding 
of t he  f o i l  t o  itself did occur. 

This test demonstrated tha t  long time, high temperature (3200OF) heat 
treatment in ultra-high vacuum environment results in specimen t o  specimen bonding 
of columbium and tantalum alloys, 
suspension is  desirable but is  not a par t icular ly  prac t ica l  solution t o  t h i s  
problem. Wire separation can be used if the  small grooves produced by t h e  w i r e  
can be tolerated,  Tanta lum f o i l  readily bonds t o  i tself ,  and t o  a l l  t he  al loys 
tes ted,  and should therefore perhaps not be used. 
f o i l  used as a contamination barrier could be used t o  cover the  en t i r e  specimen 
package with only s a c r i f i c i a l  specimens in ac tua l  contact with the f o i l .  

Complete specimen separation by wire or rod 

A single layer of tantalum 

2. Thermocouple Feed-Through Brazing 

Platinum, platinwn-lO% rhodium thermocouples and tungsten-5% rhenium, 
tungsten-25% rhenium thermocouples have been selected f o r  monitoring the  anneal- 
h e  furnace temperatures during t h e  thermal s t a b i l i t y  studies.  These w i l l  penetrate 
t h e  high vacuum system through small diameter t h i n  walled nickel tubes. The 
furnace feed-through assembly consists of eight nickel tubes permitting introduction 
of four thermocouples i n t o  each furnace. 
insulator.  

The tubes a r e  brazed t o  a ceramic 

The 82-18 gold-nickel brazing alloy was selected for joining t h e  thermo- 
couples t o  t h e  nickel  tubulations. 
shown i n  Figure 35. 
tube and is  held in place for  brazing by crimping t h e  nickel  tube at  the  braze 
location. 
by wrapping a t  t h e  jo in t  location. 
vycor brand tube t o  provide shielding during brazing. 
by induction heating t h e  jo in t  t o  t h e  braze temperature, 171+2°F, holding f o r  

The brazing arrangement selected f o r  t h i s  is  
The bare thermocouple lead is  passed through the  nickel 

The braze alloy, i n  t h e  form of 0.010 inch diameter wire, i s  preplaced 
The brazement i s  inser ted in an argon purged 

The brazing is  accomplished 
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FIGURE 35 - Arrangement f o r  Furnace Thermocouple Feedthrough Brazing 
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several  seconds, and cooling. 
advantages of providing localized heating and easy inert shielding. 

Induction brazing i n  this application has the  

3 .  Weld Chamber Glove Tests 

Latex natural  rubber gloves were functionally tes ted  fo r  oxygen and 
water vapor permeability. 
with helium, and oxygen and water vapor levels were monitored. 

The welding chamber was normally evacuated, backfil led 

The natural rubber gloves released a considerable quantity of rubbery 
substance during the  l o w  pressure (10-6 t o r r )  and moderate temperature (150-200°F) 
evacuation-bakeout cycle. 
of the  vacuum chamber and was removed with owlene solvent. 
rubber gloves apparently contain a high vapor pressure component which is re- 
leased i n  quantity during t h e  evacuation cycle and f o r  t h i s  reason t h i s  glove 
material  w i l l  not be used i n  t h e  welding program. 

The coating covered the  r e l a t ive ly  cool outer w a l l s  
The l a t e x  natural 

The oxygen permeability was greater than any gloves tes ted,  producing 
a chamber oxygen content r i s e  t o  22 ppm in 4 hours. Figure 36 compares the  
performance of t h e  l a t e x  natural rubber gloves t o  the three  other types of gloves 
t e s t ed  in t h e  program1 Figure 37 compares the  water vapor permeability of the  
natural  rubber gloves t o  t h e  glove material t es ted  earlier in the  program.1 
Although t h e  i n i t i a l  moisture reading was high, t h e  rate of increase i s  normal. 

In view of t h e  results of t h e  l a t e s t  glove t e s t s  of natural  rubber, 
cement neoprene s t i l l  appears t o  be t h e  most sa t i s fac tory  material. 
t i o n  of low permeability t o  both oxygen and water vapor, adequate e l ec t r i ca l  
insulat ion properties f o r  manual welding and sa t i s fac tory  vacuum s t a b i l i t y  i s  
be t te r  than f o r  t he  other materials tested. 

The combina- 
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Iv. FUTUREWORK 

Weld parameter optimization studies w i l l  be completed f o r  TIG and EB 

Preparation of welds 
sheet welds of T-111 and perhaps T-222 if t h i s  a l l o y  becomes available. 
parameter s tudies  w i l l  be completed f o r  C-129Y and B-66. 
f o r  the remainder of t he  program w i l l  be i n i t i a t e d  upon selection of the most 
sa t i s fac tory  parameters ident i f ied i n  the optimization phase. As these welds 
a r e  produced, post weld annealing studies will be in i t ia ted .  
W-25Re and unalloyed tungsten sheet will be undertaken, as time permits, using 
the  recently fabricated weld preheat f ixture .  

EB 

TIG welding of t he  

Plate  but t  welds w i l l  be bend tes ted and welding w i l l  be i n i t i a t e d  on 
t h e  second se r i e s  of these joints.  
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